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1 EP101K 

Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention relates to a method of s 
selecting a group of optimum pneumatic devices that 
satisfy conditions specified by a user to construct a 
pneumatic system. 

[0002] To construct a user-specified pneumatic sys- 
tem (i.e. a terminal system including components pro- io 
vided between a selector valve and an air cylinder 
inclusive), a slide rule for designing a pneumatic system 
was devised [see Japanese Patent Application Post- 
Examination Publication No. 53-21320 (1978)]. The 
slide rule has a fixed piece and a sliding piece on each is 
of the obverse and reverse sides thereof. The fixed and 
sliding pieces are marked with associated scales so as 
to satisfy an equation for calculating a stroke time of a 
double acting cylinder, an equation for calculating an 
output of the cylinder, an equation for calculating an air so 
consumption in the cylinder and piping, and other equa- 
tions The slide rule enables various data necessary for 
system design to be calculated rapidly by jointly using a 
cursor operation. To select a group of optimum pneu- 
matic devices, the conventional practice is to perform an 25 
approximative simple calculation with the above- 
described slide rule because it has heretofore been 
impossible to perform an accurate dynamic characteris- 
tic simulation. Therefore, the probability that the results 
of the device selection wilt meet the requirements is so 
considerably low. Thus, it has heretofore been Impossi- 
ble to construct a desired system with a group of small- 
est devices and to realize a minimal energy 
consumption and a minimal cost 

[0003] At present it is demanded to develop a 35 
method of rapidly selecting a group of optimum devices 
that satisfy user-specified conditions by using a calcu- 
lating method of high accuracy and high reliability. In the 
device selection, it Is necessary to satisfy the following 
conditions CD to ®: <° 

<D Load condition [the selected system should sat- 
isfy a mechanical condition necessary for the sys- 
tem to be capable of satisfactorily operating in 
compliance with input conditions for the specified 45 
operating unit (pneumatic actuator), e.g. load mass, 
thrust, use application, and supply air pressure]. 
® Speed condition (the selected system should 
operate so that an output member of the pneumatic 
actuator (e.g. a cylinder piston) can reach the so 
stroke end within the specified total stroke time]. 
<3> Strength condition [the selected system should 
satisfy the specified load condition and the pneu- 
matic actuator should not be buckled, deformed or 
broken], 55 
® Connecting condition [the devices constituting 
the selected system sbcukJ normally be cormecta- 
ble to each other]. 
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SUMMARY OF THE INVENTION 

[0004] A first object of the present invention is to 
provide a method d selecting pneumatic devices that 
satisfy specified load, speed and strength conditions to 
construct a pneumatic system. 
[0005] A second object of the present invention is to 
provide a method ot selecting pneumatic devices of the 
smallest sizes that satisfy a specified speed condition to 
construct a pneumatic system. 
[0006] A third object of the present invention is to 
provide a method of confirming characteristics of a 
pneumatic system using devices selected appropriately. 
[0007] The present invention provides a first 
method of selecting pneumatic devices, wherein data 
concerning pneumatic actuators, solenoid-controlled 
selector valves, drive controllers, pipes, pipe joints and 
exhaust treatment devices is stored in a pneumatic 
actuator database, a solenoid-controlled selector valve 
database, a drive controller database, a pipe database, 
a pipe joint database and an exhaust treatment device 
database, respectively, for each item number, and con* 
options required for pneumatic devices constituting a 
system are calculated, and then pneumatic devices 
conforming to the calculated conditions are selected 
from the respective databases. The first method 
includes the first step of selecting a pneumatic actuator 
satisfying a load condition, a strength condition and a 
speed condition from the pneumatic actuator database 
on the basis of a calculation according to a basic equa- 
tion, and the second step of selecting a solenoid-con- 
trolled selector valve and an exhaust treatment device, 
each of which satisfies a discriminating formula con- 
cerning the speed condition, from the solenoid-control- 
led selector valve database and the exhaust treatment 
device database, respectively. The first method further 
includes the third step of selecting a drive controller, a 
pipe and a pipe joint, each of which satisfies a discrimi- 
nating formula concerning the speed condition, from the 
drive controller database, the pipe database and the 
pipe joint database, respectively. 
[0008] A second method of the present invention 
has the features of the first method and further includes 
the steps of calculating a desired value for the total 
effective area of all devices in a fluid passage necessary 
for a specified response time of the system, distributing 
the desired value to devices other than the pneumatic 
actuator by using a formula for serially combining effec- 
tive areas, assigning weight coefficients to devices 
other than the pneumatic actuator, and incorporating 
the coefficients into the discriminating formulas used at 
the second and third steps. 

[0009] A third method of the present invention has 
the features of the first and second methods and further 
includes the steps of constructing a pneumatic system 
using the pneumatic actuator solenoid-controlled selec- 
tor valve, drive controller, pipe, pipe joint and exhaust 
treatment device selected at the first, second and third 
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steps, obtaining a response time t of the pneumatic sys- 
tem by a simulation, judging whether or not the 
response time t is shorter than the specified response 
time and changing the size of each of the solenoid- 
controHed selector valve, drive controller, pipe, pipe joint 5 
and exhaust treatment device according to the 
response time t such that when the response time t is 
shorter than the specified response time t^, each of the 
solenoid-controlled selector valve, drive controller, pipe, 
ppe Joint and exhaust treatment device is downsized. 10 
and then calculation of the response time t is repeated, 
whereas when the response time t is longer than the 
specified response time t^, each of the solenoid-con* 
trolled selector valve, drive controller, pipe, pipe joint 
and exhaust treatment device is upsized, and then cal- 15 
culation of the response time t is repeated, thereby 
selecting a solenokS-controtted selector valve, drive con- 
troller, pipe, pipe joint and exhaust treatment device of 
the smallest sizes that satisfy the condition that the 
response time t is shorter than and closest to the spec- 
Hied response time t^ 

[0010] A fourth method of the present invention has 
the features of the first and second methods and further 
Includes the steps of constructing a pneumatic system 
using the pneumatic actuator, solenoid-controlled selec- 
tor valve, drive controller, pipe, pipe joint and exhaust 
treatment device selected at frie first, second and third 
steps, and performing a numerical calculation on 
parameters of each device and service conditions by a 
simulation using basic equations of pneumatic actuator, 
solenoid^controlled selector valve, drive controller, pipe, 
pipe joint and exhaust treatment device as simultane- 
ous equations, thereby obtaining dynamic characteris- 
tics and various characteristic values of the pneumatic 
system. 

[001 1] In addition, the present invention provides a 
fifth method including the steps of constructing a pneu- 
matic system using a pneumatic actuator, a solenoid- 
controlled selector valve, a drive controller, a pipe, a 
pipe joint and an exhaust treatment device selected by 
an appropriate method, and performing a numerical cal- 
culation on parameters of each device and service con- 
ditions by a simulation, which is also used to select 
pneumatic devices, using basic equations of pneumatic 
actuator, solenoid-controlled selector valve, drive con- 
troller, pipe, pipe joint and exhaust treatment device as 
simultaneous equations, thereby obtaining dynamic 
characteristics and various characteristic values of the 
pneumatic system. 

[0012] According to the first method, a pneumatic 
actuator satisfying the specified load, speed and serv- 
ice conditions for a pneumatic system is calculated 
according to a basic equation, and a solenoid-controlled 
selector valve, a drive controller, a pipe, a pipe joint and 
an exhaust treatment device that satisfy the speed con- 
dition are calculated. Then, pneumatic devices that con- 
form to the results of the calculation are selected from 
the respective databases. Thus, devices that satisfy the 



specified load, speed and strength conditions are auto- 
matically selected. Moreover, the accuracy and reliabil- 
ity of the calculation results are favorably high. 
[00131 According to the second method, a desired 
value for the total effective area of all restrictors in a fluid 
passage is calculated. The desired value is distributed 
to devices other than the pneumatic actuator by using a 
formula for serially combining effective areas, and 
weight coefficients are assigned to devices other than 
the pneumatic actuator. Therefore, a result that is close 
to the optimum value can be obtained by the first calcu- 
lation. Accordingly, the time required to reach the final 
selection is shortened. 

[0014] According to the third method, a judgment is 
made as to whether or not the response time t is shorter 
than the specified response time fet- When the response 
time t is shorter than the specified response time tg t , 
each of the solenoid-controlled selector valve, drive 
controller, pipe, pipe joint and exhaust treatment device 
is downsized, and then calculation of the response time 
t is repeated, whereas when the response time t is 
longer than the specified response time tg,, each of the 
solenoid-controlled selector valve, drive controller, pipe, 
pipe joint and exhaust treatment device is upsized, and 
then calculation of the response time t is repeated, 
thereby selecting a solenoid-controlled selector valve, 
drive controller, pjpe. pipe joint and exhaust treatment 
device of the smallest sizes that satisfy the condition 
that the response time t is shorter than and closest to 
the specified response time t et . Accordingly, devices of 
the smallest sizes that satisfy the specified speed con- 
dition are selected. 

[001 5] According to the fourth method, a numerical 
calculation is performed on parameters of each device 
and service conditions by a simulation using basic 
equations of pneumatic actuator, solenoid-controlled 
selector valve, drive controller, pipe, pipe joint and 
exhaust treatment device as simultaneous equations, 
thereby obtaining dynamic characteristics and various 
characteristic values of the pneumatic system. Accord- 
ingly, the accuracy and reliability of the calculation 
results are favorably high, and a group of optimum 
devices that satisfy user-specified conditions can be 
selected rapidly. 

[0016] The fifth method enables confirmation of 
characteristics of a pneumatic system using devices 
selected appropriately. 

[0017] In the present invention, it is possible to 
update and add data to the cylinder database, the sole- 
noid-controlled selector valve database, the drive con- 
troller database, the pipe database, the pipe joint 
database and the exhaust treatment device database in 
addition to the entry of service conditions. Theretore, 
the latest data can be used, and data concerning new 
models can be added. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[00181 

Fig. 1 A is a diagram illustrating the general concept s 
of the present invention. 

Fig. IB is a circuit configuration diagram of an 
essential part of a pneumatic system to which the 
present invention is directed. 
Fig. 2 is a flowchart showing a device selection flow 10 
in the present invention. 

Fig. 3 is a diagram showing service conditions 
entered at step S2 in Fig. 2. 
Fig. 4A is a flowchart showing a device selection 
flow at step S4. etc. in Fig. 2. " 
Fig. 4B is a flowchart showing a flow for obtaining a 
desired value for the total effective area. 
Rg. AO is a diagram showing an example of the cir- 
cuit oonf iguration of a pneumatic system. 
Rg. 4D is a diagram tor describing the combining of so 
effective areas 

Rg. 5 shows basic equations for selecting devices, 
ag. a solenoid-controlled selector valve, a drive 
controller, a pipe, and a pipe joint. 
Fig. 6 shows basic equations of restrictor and air 2s 
cylinder used in a simulation at step 61 4 in Fig. 2. 
Rg. 7 shows basic equations of pipe Bne used in 
the simulation at step 31 4 in Rg. 2. 
Fig. 8 shows the way in which results of step Si 9 in 
Fig. 2 are displayed. 30 
Fig. 9 shows "Enter item numbers of devices and 
service conditions" in the characteristic calculation 
flow in Rg. 1 - 

Rg. 10 shows notations of symbols and suffixes 
used in the basic equations in Rgs. 6 and 7. 55 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

10019] Rgs. 1 to 10 show an enibodiment of the 40 
pneumatic device selecting method according to the 
present invention. Fig. 1A is a diagram illustrating the 
general concept of the present invention. Rg. 1 B is a cir- 
cuit configuration diagram of an essential part of a 
pneumatic system to which the present invention is 46 
directed. 

[0020] As shown in Fig. 1A. the present invention 
has a device selection flow and a characteristic calcula- 
tion flow and is capable of performing both device selec- 
tion and characteristic calculation. An arithmetic so 
operation program performs temporary selection of 
devices, simulation and size change by using informa- 
tion stored in databases of various devices. In the 
device selection flow, after service conditions have been 
entered, the arithmetic operation program performs 55 
temporary selection of devices, simulation, size change 
and simulation and outputs results of device selection, 
various characteristic values, and results of dynamic 
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characteristic simulation and so forth. 
[0021 1 In the characteristic calculation f low, the item 
numbers of appropriately selected devices and service 
conditions are entered, and a simulation is performed 
by the arithmetic operation program to output various 
characteristic values and results of dynamic character- 
istic simulation and so forth. In the device selection flow, 
devices are automatically selected, whereas in the 
characteristic calculation flow, a user selects devices 
appropriately (the user may change a part of automati- 
cally selected devices} and confirms characteristics of 
the selected device by the characteristic calculation 
flow. Thus, the user can construct a desired pneumatic 
system by repeating the characteristic calculation flow, 
it is also possible to examine the characteristics of an 
existing pneumatic system by the characteristic calcula- 
tion flow and to change some devices if necessary. 
[0022] As shown schematically in Rg. 1 B, devices 
which may be retrieved for selection by the method 
according to the present invention include hydraulic 
actuators (air cylinders, air motors, rodless cylinders, 
and rotary actuators), pipes (tubes), pipe joints, drive 
controllers [speed controllers (an arrangement in which 
a restrictor and a check valve are connected in paral- 
lel)}, quick exhaust valves, solenoid-controlled selector 
valves (manifolds), exhaust treatment devices (silenc- 
ers), and devices (pressure reducing valves) provided 
between an air pressure source and a solenoid-control- 
led selector valve. For device selection, data necessary 
for selection and calculation, i.e. data concerning the 
structure, function, performance, size, appearance 
(photograph), etc. of various devices such as those 
shown in Rg. 1B, has previously been stored in hard- 
ware of a computer (personal computer) system for 
each Hem number (model and series) of the various 
devices as a pneumatic actuator database, a solenoid- 
controlled selector valve database, a drive controller 
database, a pipe database, a pipe joint database, and 
an exhaust treatment device database. 
[0023] Fig. 2 is a flowchart showing the device 
selection flow in the present invention. In the device 
selection flow, selection of devices i6 carried out in three 
stages- In the first stage, a pneumatic actuator is 
selected. In the second stage, a solenoid-controlled 
selector valve, a manifold, and an exhaust treatment 
device are selected. In the third stage, a drive controller, 
a pipe, and a pipe joint are selected. The reason why a 
pneumatic actuator is selected first is that a pneumatic 
actuator moves a load directly and can be selected 
according to the toad condition, strength condition and 
speed condition [condition that the selected system 
should operate so that an output member of a pneu- 
matic actuator (e.g. a cylinder piston) can reach the 
stroke end within the specified total stroke time] inde- 
pendently of other devices. After the selection of a 
pneumatic actuator, devices other than the pneumatic 
actuator are selected so that the system satisfies the 
speed condition. 
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[0024] The device Bel action method will be 
described below with reference to the flowchart of Fig. 
2. When the program starts, initialization is executed at 
step S1 to carry out preparation and display of an input 
drawing, setting of variables, memory allocation, con- 
nection with the databases, etc. At step S2, the operator 
enters service conditions shown, for example, in Fig. 3 
and those similar to them by using an input unit (per- 
sonal computer), which is not shown. Part (a) of Fig. 3 
shows a circuit configuration. An outline of the circuit 
configuration is as follows. Devices constituting a pneu- 
matic circuit are divided Into three groups: a group (a-1) 
of pneumatic actuators; a group (a-3) of solenoid-con- 
trolled selector valves and exhaust treatment devices; 
and a group (a-2) of drive controllers (speed control' 
lers), pipes and pipe joints, which is located between 
the groups (a-1) and (a-3). Data items are entered tor 
each device group. For example, if "cylinder, "general", 
"double acting" and "single rod" are entered in the sec- 
tion of the group (a-1) of pneumatic actuators, a skele- 
ton diagram corresponding to the input data is displayed 
on the left side of the characters. If "rodless" is entered 
in place of "general", a skeleton diagram of a rodless 
cylinder is displayed. 

[0025] If "speed controller", "meter-ouf, and "quick 
exhaust valve not used" are entered in the section of the 
group (a-2) of drive controllers (speed controllers), 
pipes and pipe joints, for example, a diagram showing 
meter-out type speed controllers provided in piping is 
displayed. H "unitized direct Installation type" and "two- 
position single" are entered in the section of the group 
(a-3) of solenoid -controlled selector valves and exhaust 
treatment devices, for example, a skeleton diagram of a 
two-position solenoid-controlled selector valve and 
silencers, which are connected to piping, is displayed. 
Thus, drawings corresponding to entered items are dis- 
played. Therefore, the incidence of errors in the input 
operation can be reduced. 

[0026] In the section of "Regarding stroke" shown in 
part (b) of Fig. 3, Hems of data concerning stroke, acting 
direction, total stroke time, supply pressure, ambient 
temperature, etc. are entered. In the section of "Piping" 
shown in part (c) of Rg. 3. Herns of data concerning the 
overall length (right and left) of the pipe line connecting 
the cylinder and the solenoid-controlled selector valve, 
the drive controller position (right and left) (distance 
from the cylinder), etc. are entered. In the section of 
"Load" shown in part (d) of Fig. 3. Hems of data con- 
cerning mass, required thrust, mounting angle, use 
application, load factor, coefficient of friction, form of 
friction, type of guide, etc. are entered. When a size of 
toad mass, a cylinder mounting angle, etc. are entered 
in the section of "load", a drawing corresponding to the 
entered Hems is displayed 

[0027] At step S3 in Fig. 2. pneumatic actuators 
(cylinders) are retrieved for selection. The retrieval of 
cylinders is executed by performing calculations based 
on programmed equations for calculating a cylinder 



bore, cylinder budding and cylinder lateral load, 
together with the basic equations of cylinder, which are 
shown in part (c) of Rg. 6, thereby retrieving from the 
cylinder database cylinders of the smallest size that sat- 

s isfy the following conditions G) to <3>: <D lead condition 
[the selected system should satisfy a mechanical condi- 
tion necessary for the system to be capable of satisfac- 
torily operating in compliance with input conditions for 
the specified pneumatic actuator (cylinder), ag. load 

w mass, thrust, use application, and supply air pressure]; 
© speed condition [the selected system should operate 
so that an output member of the pneumatic actuator 
(e.g. a cylinder piston) can reach the stroke end within 
the specified total stroke time]; and <3> strength condi- 

16 tion {the selected system should satisfy the specified 
toad condition and the pneumatic actuator should not be 
buckled, deformed or broken]. It should be noted that 
notations of various symbols in Rg. 6 and others are 
shown in Rg. 10. 

so [0028] At step S4, selection of a pneumatic actuator 
(cylinder) is made. The selection is carried out by inter- 
action between the operator and the personal computer 
in accordance with a flew shown schematically in Rg. 
4A. More specifically, at step S4-1 , the series names of 

26 the cylinders retrieved at step S3 are displayed. At step 
S4-2, the operator selects a series name of cylinder 
considered to be optimum among the retrieved cylin- 
ders, and enters the result ol the selection by operating 
the input unit At step S4-3, a photograph of the appear- 

30 ance of the selected cylinder is displayed. If the operator 
judges the selected cylinder to be O K., he or she 
selects YES at step 54-4. If the selected cylinder is 
judged to be no good, the operator selects NO al step 
$4-4, and the process returns to step S4-1 . 

35 [0029] Steps S6 to S1 3 (retrieval and selection of a 
solenoid-controlled selector valve, drive controller, pipe 
and pipe joint) are steps for temporary retrieval and tem- 
porary selection to determine initial values for steps S1 4 
to S17 (optimum selection). To make the effective area 

40 of each device as close to an optimum value as possible 
and to reduce the number of calculations required for 
the optimum selection, at step S5 a desired value for the 
total effective area is calculated with respect to the cyl- 
inder as a single unit (the response time of the system 

45 is determined mainly by the effective areas of devices in 
the fluid passage of the cylinder), and the calculated 
desired value is distributed according to a predeter- 
mined rule to determine a size of each device. It should 
be noted that according to J IS (Japanese Industrial 

bo Standards) B0 142 3220, "effective area of valve" is a 
computational cross-sectional area determined by con- 
verting the pressure drag to an equivalent orifice on the 
basis of the actual rate ol flow through the valve and 
used as a value indicating the flow capacity of a pneu- 

55 matic valve. The effective area may be said to be a con- 
cept equivalent to "sonic conductance* according to 
ISO 6358, 

[0030] At step S5, the desired value So* tor the total 



5 



PAGE 13/29 • RCVD AT 273)2008 10:58:18 AM [Eastern Standard Time] * SVR:USPTO-EFXRF-6/25 * DNIS: 2738300 * C SID: 7034862720 * DURATION (mm-ss):29-00 



02/03/2006 11:47 7034862720 



PAUL A GUSS 



PAGE 



9 



EP1011038A2 



10 



effective area is calculated. The desired value So' tor 
the total effective area is a composite value [formula (1) 
shown In Fig. 5] of the effective areas of all restrictors in 
the fluid passage necessary for the response time of the 
system to become exactly equal to the specified 
response time. The method of calculating the desired 
value So' is shown in the flow (from step SS-1 to step 
S5-5) of Fig. 4B. At step SSI, the effective area Scyl of 
the cylinder ports is entered as an initial value of the 
desired value So* for the total effective area. At step S5- 
2, a response time t is calculated by a simulation using 
the effective area of the cylinder ports as So". At step 
$5-3. a judgment is made as to whether or not the 
response time calculated is within a deviation e of the 
specified response time. If YES is the answer at step 
S5-3, a desired value So* is determined at step $5-5- H 
it is judged at step S5-3 that the response time calcu- 
lated is not within the deviation e. So* is set relatively 
small at step S5-4, and the process returns to step S5- 
2. 

[0031 ] After the desired value So' lor the total effec- 
tive area has been determined at step S5, the desired 
value So* for the total effective area ts distributed to 
devices other than the pneumatic actuator to determine 
sizes of these devices by using formula (1) for serially 
combining effective areas, which ts shown in part (a) of 
Fig. 5. This will be described below with reference to 
Figs. 4C and 4D by way of example. To appropriately 
distribute the desired value So' for the total effective 
area to each device, a weight is assigned to each device 
by using formula (2) shown in part (b) of Fig. 5. 
[0032] At step S6, retrieval of solenoid-controlled 
selector valves is performed to retrieve from the sole- 
noid-controlled selector valve database smallest sole- 
noid-controlled selector valves whose effective areas S 2 
satisfy the condition given by solenoid-controlled selec- 
tor valve discriminating formula (3) shown in part (c) of 
Fig. 5. It should, be noted that a manifold and an 
exhaust treatment device (silencer) are attached to 
each solenoid-controlled selector valve. Therefore, if it 
is necessary to retrieve manifolds and exhaust treat- 
ment devices for selection, solenoid-controlled selector 
valves are retrieved first, and then manifolds and 
exhaust treatment devices are retrieved. At step S7 t 
selection of a solenoid-controlled selector valve is 
made. The step sequencing of the selection at step S7 
is similar to that at step S4. First, the retrieved solenoid- 
controlled selector valves are displayed on a series-by- 
series basis. Then, a desired solenoid-controlled selec- 
tor valve is selected, and a photograph of the appear- 
ance of the selected valve is displayed. Finally, a 
judgment is made as to whether or not the selected 
solenoid-controlled selector valve is O.K. 
[0033] At step S8. retrieval of drive controllers is 
performed to retrieve from the drive controller database 
smallest drive controllers whose effective areas S3 sat- 
isfy the condition given by drive controller ctisaiminating 
formula (4) shown in part (c) of Fig. 5. At step S9. selec- 



tion of a drive controller is made. The step sequencing 
of the selection at step S9 is similar to that at step S4. 
First, the retrieved drive controllers (speed controllers 
and quick exhaust valves) are displayed on a series-by- 

e series basis. Then, a desired drive controller is 
selected, and a photograph of the appearance of the 
selected drive controller is displayed. Finally, a judg- 
ment is made as to whether or not the selected drive 
controller is O.K. 

10 [0034] At step S10. retrieval of pipes Is performed to 
retrieve from the pipe database smallest pipes whose 
effective areas S 4 satisfy the condition (i*4) given by 
pipe discriminating formula (5) shown in part (c) of Fig. 
5. At step S11, selection of a pipe is made. The step 

is sequencing of the selection is similar to that at step S4. 
First, the retrieved pipes are displayed on a series-by- 
series basis. Then, a desired pipe is selected, and a 
photograph of the appearance of the selected pipe is 
cfisplayed. Finally, a judgment is made as to whether or 

20 not the selected pqpe is O. K. 

[0035] At step SI 2, retrieval of pipe joints is per- 
formed to retrieve from the pipe joint database smallest 
pipe joints whose effective areas S 5 satisfy the condition 
[i=5) given by pipe discriminating formula (5), shown in 

25 part (c) of Fig. 5. and which satisfy the connecting con- 
dition that the retrieved pipe Joints should normally be 
connectable to devices and pipes which are to be con- 
nected by the pipe joints. At step S13. selection of a 
pipe joint is made. The step sequencing of the selection 

30 is similar to that at step $4. First, the retrieved pipe 
joints are displayed on a sen es-by -series basis. Then, a 
desired pipe joint is selected, and a photograph of the 
appearance of the selected pipe joint is displayed. 
Finally, a judgment is made as to whether or not the 

36 selected pipe joint is O. K. 

[0036] The item numbers of the pneumatic actuator, 
solenoid-controlled selector valve, drive controller, pipe, 
pipe joint and exhaust treatment device selected by car- 
rying out steps S3 to S13 are entered, together with the 

40 circuit configuration of Fig. 3 and service conditions 
shown exemplarily in Fig. 3 and those similar to them, to 
perform a simulation at step SI 4. In the simulation at 
step S14, a numerical calculation is performed by solv- 
ing basic equations of cylinder (pneumatic actuator), 

45 solenoid-controlled selector valve, drive controller, pipe, 
pipe joint etc.. shown in Figs. 6 and 7, as simultaneous 
equations. The simulation at step S14 provides the 
response time t and various other characteristics of the 
selected system, together with dynamic characteristics 

£0 thereof. 

[0037] Part (a) of Ftg. 6 shows a physical model of 
a pneumatic system, and part (b) of Fig. 6 shows a 
basic equation of restrictor. The flow rate Q of air pass- 
ing through a restrictor is expressed by (1a) or (1b). 
55 Equations representing the flow rates of air passing 
through a solenoid-controlled selector valve, a drive 
controller, a pipe joint, etc, are obtained from equations 
(la)and(1b). 
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[0038] Considering changes in temperature of air. 
equations shown in part (c) ot Fig. 6 hold as basic equa- 
tions of air cylinder: equations of state (2) to (4); equa- 
tions ol energy (5) to (7); and an equation of motion (8). 
[0039] Part (a) of Fig. 7 shows a model of pipe line, 5 
and part (b) of Fig. 7 shows base equations of pipe line 
(piping). The basic aquations are expressed in the form 
of equation of continuity <9)> equation of state (10), 
equation of motion (1 1), and equation of energy (12). If 
a pipe line is divided into n elements as shown in part "> 
(c) of Fig. 7 and the i-th element is considered, the base 
equations are expressed in the form of equation of con- 
tinuity (13), equation of state (14), equation of motion 
(15). and equation of energy (16). It should be noted 
that notations of the symbols and suffixes in the basic n 
equations in Figs. 6 and 7 are shown in Fig. 10. 
[0040] At step $15, it is judged whether or not the 
response time t of the selected system is shorter than 
the specified response time t*. If YES, the process pro- 
ceeds to step S16. rf NO, the process proceeds to step 20 
S17. 

[0041 1 If YES is the answer at step S1 5. it means 
that the overall size of the devices selected at feast at 
steps S6 to S13 is larger than is needed. Therefore, the 
devices are downsized to a level closest to the specified 25 
response time. More specifically, at step S16: CD the 
devices (solenoid-controlled selector valve, drive con- 
troller, pipe, pipe joint and exhaust treatment device) 
other than the pneumatic actuator are downsized in the 
order of decreasing size; ® if the result of the downsiz- 30 
ing is favorable, the downsizing of the devices is contin- 
ued in the order of decreasing size; ® when the size of 
a certain device has reached the lower limit, this device 
is excluded from the subjects of downsizing, while the 
downsizing of the remaining devices is continued, and ss 
when there is no device to be downsized, the results 
obtained so far are determined to be the final results; 
and <3> in a case where the judgment at step S15 
becomes NO as the result of downsizing of a certain 
device, the device change processing is terminated, 40 
and the results obtained immediately before the down- 
sizing of that device are determined to be the final 
results, 

[0042] If NO is the answer at step Si 5, the overall 
size of the devices selected at least at steps S6 to S1 3 45 
is excessively small. Therefore, the devices are upsized 
to a level closest to the specified response time. More 
specif icafly, at step $17: <J> the devices (solenoid-con- 
trolled selector valve, drive controller, pipe, pipe joint 
and exhaust treatment device) other than the pneumatic so 
actuator are upsized in the order of increasing size; © 
if the result of upsizing a certain device is unfavorable, 
the upsized value is changed to the value ol the device 
selected immediately before the upsizing, and this 
device is excluded from the subjects in the subsequent ss 
upsizing; Q) when the size of a certain device has 
reached the upper limit because there is no larger 
device, the selection is stopped; © when the smallest 
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of the effective areas of the solenoid-controlled selector 
valve, drive controller, pipe and pipe joint has become a 
predetermined number of times the effective area of the 
pneumatic actuator, the selection is stopped; and © in 
a case where the judgment at step S15 becomes YES 
as the result of upsizing of a certain device, the device 
change processing is terminated, and the results 
obtained at that time are determined to be the final 
results. 

[0043] By the optimum selection at steps SU to 
S17, a solenoid-controlled selector valve, drive control- 
ler, pipe, pipe joint and exhaust treatment device of the 
smallest sizes fral provide the specified response time 
are selected on the assumption that a pneumatic actua- 
tor has already been selected. 
[0044] Next, at step S1 8, selection of other devices 
is made (e.g. various pressure control valves provided 
between the solenoid-controlled selector valve and the 
pneumatic actuator, and piping and a pressure reducing 
valve that are provided between the solenoid-controlled 
selector valve and the air pressure source). If neces- 
sary, the selection at step S1 8 may be carried out in the 
same way as the selection at step S4. That is, the selec- 
tion processing may be such that the retrieved devices 
are displayed, and a photograph of the appearance of a 
selected device is displayed, and finally a judgment is 
made as to whether or not the selected device is O.K. 
[0045] At step S19, the selection results are dis- 
played as shown, for example, in Ftg. 8. The contents of 
the display are as follows. Input conditions simitar to 
those in Fig. 3 are shown in part (a) of Fig. 8 (a detailed 
view thereof is omitted). In part (b) of Fig. 8, the item 
numbers of the selected devices are shewn. In part (c) 
of Fig. 8. various characteristic values are shown (the 
condition of moisture condensation may be shown in 
this part). Dynamic characteristic curves and so forth 
are shown in part (d) of Fig. 8. At step S20. the selection 
results are printed out and magnetically stored. 
[0046] At step S21. it is judged whether or not the 
process should be terminated, rf NO, the process 
returns to step S2 through A. If YES is the answer at 
step $21 . the process is ended. 
[0047] As shown in Fig. 1 A. the method according 
to the present invention makes it possible to perform a 
calculation to confirm characteristics of a pneumatic 
system. In the characteristic calculation flow, a circuit 
configuration, load condition and service conditions 
(stroke, piping and load) are entered, as shown in part 
(a) of Fig. 9. in addition to the item numbers of devices 
selected appropriately [for example, see part (b) of Fig. 
9], On the basis of the entered information, a simulation 
is performed according to the arithmetic operation pro- 
gram (the same as step S14 in Fig. 2) to output various 
characteristic values, dynamic characteristics, etc. The 
results of the simulation are displayed in the same way 
as in parts (a), (c) and (d) of Fig. 8. 
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Claims 



A method of selecting pneumatic devices, wherein 
data concerning pneumatic actuators, solenoid- 
controlled selector valves, drive controllers, pipes, 
ppe joints and exhaust treatment devices is stored 
in a pneumatic actuator database, a solenoid-con- 
trolled selector valve database, a drive controller 
database, a pipe database, a pipe joint database 
and an exhaust treatment device database, respec- 
tively, for each item number, and conditions 
required for pneumatic devices constituting a sys- 
tem are calculated, and then pneumatic devices 
conforming to the calculated conditions are 
selected from the respective databases, said 
method comprising: 

the first step of selecting a pneumatic actuator 
satisfying a load condition, a strength condition 
and a speed condition from the pneumatic 
actuator database on a basis of a calculation 
according to a basic equation; 
the second step of selecting a solenoid-control- 
ted selector valve and an exhaust treatment 
device, each of which satisfies a disaiminating 
formula concerning the speed condition, from 
the solenoid-controlled selector valve database 
and the exhaust treatment device database, 
respectively; and 

the third step of selecting a drive controller, a 
pipe and a pipe joint each of which satisfies a 
discriminating formula concerning the speed 
condition, from the drive controller database, 
the pipe database and the pipe joint database, 
respectively. 

A method of selecting pneumatic devices according 
to claim 1 . further comprising the steps of: 

calculating a desired value for a total effective 
area of all devices in a fluid passage necessary 
tor a specified response time of the system; 
distributing said desired value to devices other 
than the pneumatic actuator by using a formula 
for serially combining effective areas; 
assigning weight coefficients to devices other 
than the pneumatic actuator; and 
incorporating said coefficients into the discrim- 
inating formulas used at said second step and 
third Step. 

A method of selecting pneumatic devices according 
to claim 2, further comprising the steps of: 

constructing a pneumatic system using the 
pneumatic actuator, solenoid-controlled selec- 
tor valve, drive controller, pipe, pipe joint and 
exhaust treatment device selected at said first 



step, second step and third step; 

obtaining a response time t of said pneumatic 

system by a simulation; 

judging whether or not me response time t is 
5 shorter than the specified response time t* t ; 

and 

changing a size of each of the solenoid-control- 
led selector valve, drive controller, pipe, pipe 
joint and exhaust treatment device according to 

10 the response time t such that when the 

response time t is shorter than the specified 
response time t,,. each of the solenoid-control- 
led selector valve, drive controller, pipe, pipe 
joint and exhaust treatment device is down- 

15 sized, and then calculation of the response 

time t is repeated, whereas when the response 
time t is longer than the specified response 
time tot, each of the solenoid-controlled selec- 
tor valve, drive controller, pipe, pipe joint and 

so exhaust treatment device is upsized, and then 

calculation of the response time t is repeated, 
thereby selecting a solenoid-controlled selector 
valve, drive controller, pipe, pipe joint and 
exhaust treatment device of smallest sizes that 

26 satisfy a condition that the response time t is 

shorter than and closest to the specified 
response time t^. 

4. A method of selecting pneumatic devices according 
50 to claim 2 , further comprising the steps of: 

constructing a pneumatic system using the 
pneumatic actuator, solenoid-controlled selec- 
tor valve, drive controller, pipe, pipe joint and 

ss exhaust treatment device selected at said first 

step, second step and third step; and 
performing a numerical calculation on parame- 
ters of each device and service conditions by a 
simulation using basic equations of pneumatic 

40 actuator, sdenoid-controlled selector valve, 

drive controller, pipe, pipe joint and exhaust 
treatment device as simultaneous equations, 
thereby obtaining dynamic characteristics and 
various characteristic values of said pneumatic 

4$ system. 

5. A characteristic calculating method comprising the 
steps of: 

so constructing a pneumatic system using a pneu- 

matic actuator, a solenoid-controlled selector 
valve, a drive controller, a pipe, a pipe joint and 
an exhaust treatment device selected by an 
appropriate method; and 

$5 performing a numerical calculation on parame- 

ters of each device and service conditions by a 
simulation, which is also used to select pneu- 
matic devices, using basic equations of pneu- 
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matte actuator, solenoid -controlled selector 
valve, drive controller, pjpe. pipe joint and 
exhaust treatment device as simultaneous 
equations, thereby obtaining dynamic charac- 
teristics and various characteristic values of $ 
said pneumatic system. 
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a) CIRCUIT CONFIGURATION 



FIG.3 
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FIG.6 
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FIG.8 

(a) INPUT CONDITIONS 

(SIMILAR TO FIG.3(a) THROUGH FIG.3(d)) 
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(a) INPUT CONDITIONS 

(SIMILAR TO FIG.3(a) THROUGH FIG.3(d)) 



< 



(b) DEVICES USED 



DEVICE 


ITEM No. 


PIPE JOINT 


CYLINDER 


MBL50-20CO 


KQL08-02S 


SOLENOID-CONTROLLED 
SELECTOR VALVE 


SY7120-LTDDD-02D 


KQL08-02S 


MANIFOLD 






SILENCER 


AN200-02 




DRIVE CONTROLLER 


AS3200-03 


KQL08-03S 




AS3200-03 


KQL08-03S 


PIPE 


TO806D 
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